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a b s t r a c t 

Background In Western developed countries, food-based dietary patterns have been associated with the 

risk of cardiometabolic diseases, but little is known about such associations in less developed ethnic 

minority regions (LEMRs), where the cardiometabolic disease burden is growing rapidly and food patterns 

differ substantially. 

Methods Between May 2018 and September 2019, we recruited 99556 participants aged 30-79 years 

from the China Multi-Ethnic Cohort (CMEC) Study. We measured habitual dietary intake with validated 

food frequency questionnaire (FFQ) and then calculated dietary pattern scores for two of the most studied 

a priori dietary patterns, i.e., Dietary Approaches to Stop Hypertension (DASH) and alternative Mediter- 

ranean (aMED) style diets, and three a posteriori dietary patterns. Four cardiometabolic risks, including 

hypertension, diabetes, dyslipidaemia and metabolic syndrome (MetS), were newly diagnosed by medi- 

cal examination and blood tests. We estimated adjusted odds ratios (OR) relating various dietary pattern 

scores to cardiometabolic risks using marginal structural models under the guidance of directed acyclic 

graphs. For the above associations, we further calculated the proportion mediated by overweight (PM) 

using regression-based mediation analysis for better public health implications. 

Findings The final study sample consisted of 68834 participants. Among them, we newly diagnosed 

12803 hypertension, 3527 diabetes, 16342 hyperlipidaemia, and 8198 MetS cases. Overall, all 5 dietary 

patterns showed considerable associations with risks of hypertension and MetS. Comparing the highest 

with the lowest quintiles, the DASH score showed the strongest inverse associations with risks of hy- 

pertension (OR = 0.74, 95% CI:0.70-0.79; PM = 10%) and MetS (OR = 0.79, 95% CI:0.74-0.85; PM = 35%); con- 

versely, scores of the localized a posteriori Yunnan-Guizhou plateau dietary pattern in LEMRs showed the 

strongest positive associations with risks of hypertension (OR = 1.44, 95% CI:1.35-1.52; PM = 10%) and MetS 

(OR = 1.35, 95% CI:1.26-1.46; PM = 33%), with all P values for trend < 0.001. These associations were con- 

sistent in various subgroups defined by sex, age, smoking and physical activity, but with magnitudes 
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ntroduction 

Cardiometabolic diseases are the top-ranked causes of morbid- 

ty and mortality worldwide. In 2019, it was estimated that over 

5% of the global disability-adjusted life-years (DALYs) in the el- 

erly population are attributable to three major cardiometabolic 

iseases: ischaemic heart disease, stroke and diabetes. 1 Over 

ast decades, cardiometabolic disease mortality has experienced 

 steady decline in high-income countries (HICs) 2-4 but has in- 

reased rapidly in low- and middle-income countries (LMICs), 5-8 

s well as in populations of low socioeconomic status (SES) and 

acial/ethnic minorities. 8-12 Reducing SES and racial/ethnic dispari- 

ies in cardiometabolic diseases has therefore become a rising pub- 

ic health concern globally and a top priority to achieve United Na- 

ions Sustainable Development Goals (SDGs) target 3.4. 13 , 14 

An unhealthy diet is the leading modifiable risk factor for car- 

iometabolic diseases. 15 , 16 In particular, both randomized trials 

nd long-term cohort studies suggest that healthful food-based di- 

tary patterns produce significant benefits on cardiometabolic dis- 

ases 17-19 but that little benefit was identified from controlling 

ingle isolated nutrients. 20-22 Dietary patterns also have the ad- 

antage of public health implications because they can facilitate 

ietary guidance and lessen industry manipulation. 15 , 23 For such 

easons, healthful food-based dietary patterns such as Dietary Ap- 

roaches to Stop Hypertension (DASH) and Mediterranean (MED)- 

tyle diets have been recommended by the U.S. Department of 

griculture and American Heart Association and used worldwide to 

educe the risk of cardiometabolic diseases. 24-26 Nevertheless, al- 

ost all well-known dietary pattern guidance has been developed 

ased on Western-like diets from developed countries. An emerg- 

ng question then is whether Western dietary guidance can be ex- 

rapolated to other populations, particularly racial/ethnic minority 

roups in less-developed regions, for whom the cardiometabolic 

isease burden is growing rapidly and food patterns differ substan- 

ially. 27-29 Besides, as the above populations have been rarely stud- 

ed before, another crucial question is what insights we can gain 

rom their disparate food patterns, which may also help for car- 

iometabolic disease prevention. However, reliable evidence from 

arge-scale epidemiological studies on this topic is scarce. 

The China Multi-Ethnic Cohort (CMEC) Study is a large-scale 

pidemiological study undertaken in Southwest China (an area of 

.3 million square kilometres), covering the Qinghai-Tibet Plateau, 

unnan-Guizhou Plateau and Sichuan Basin, with great diversity in 

ES, ethnicity, cardiometabolic disease burden, habitual diet, living 

nvironment, etc. 30 Nearly 0.1 million participants from seven eth- 

ic groups with comprehensive information were enrolled in the 

MEC study. Overall, CMEC presents an ideal and unique oppor- 

unity to finely characterize the relationship between dietary pat- 

erns and cardiometabolic disease risks in the setting of diverse 

ess-developed ethnic minority regions (LEMRs). 
2 
ss different ethnic regions and urbanicity. By investigating the single-

atterns, the dairy intake component contributed a major proportion to

41.9% for hypertension and 100.5% for MetS). 

cioeconomic status and ethnic disparities in diet quality and related car-

in LEMRs, with hypertension being the top diet-related cardiometabolic

DASH provides superior dietary guidance compared to aMED for reducing

. In particular, the dairy intake encouraged by DASH may produce consid-

ed by the National Key R&D Program of China; full funding sources listed

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

In this cross-sectional analysis of CMEC baseline data, we 

imed to assess associations of two of the most studied a pri- 

ri dietary patterns from Western developed countries, i.e., DASH 

nd alternative MED diets, as well as three a posteriori di- 

tary patterns derived from CMEC dietary data with newly diag- 

osed cardiometabolic risks (hypertension, diabetes, dyslipidaemia 

nd metabolic syndrome). Given that increasing evidence suggests 

hat associations between diet and cardiometabolic risks might 

e partly mediated by overweight, 31-33 we further aimed to ex- 

mine how such associations between dietary patterns and car- 

iometabolic risks might be mediated by overweight to obtain bet- 

er public health implications. 

ethods 

tudy population 

The CMEC study is an ongoing community-based prospective 

ohort study undertaken in Southwest China, where is the major 

thnic area in China and home to 56 ethnic groups. Ethnic charac- 

eristics, SES, population size and disease patterns were given spe- 

ial consideration when selecting the study population and survey 

ites. A detailed description of the study design, sampling strat- 

gy and baseline characteristics has been published elsewhere. 30 In 

rief, a total of 99556 participants from six ethnic minority groups 

Tibetan, Yi, Miao, Bai, Bouyei and Dong) as well as the major- 

ty Han group were recruited between May 2018 and September 

019. The baseline survey consisted of a tablet-based electronic 

uestionnaire via face-to-face interviews, anthropometric measure- 

ents, thorough medical examinations, and blood and urine tests. 

ll the participants provided written informed consent prior to the 

ata collection, and the study was approved by the Sichuan Uni- 

ersity Medical Ethical Review Board and local ethics committee 

t each participating site. 

In the present study, we focused on adults aged 30-79 years 

ith complete and plausible diet- and outcome-related data, to- 

al energy intakes and body mass index (BMI). We excluded 22618 

articipants who self-reported physicians diagnosed hypertension, 

iabetes, hyperlipidaemia, coronary heart disease, or stroke at the 

aseline survey to eliminate potential reverse causality. The final 

ample consisted of 68834 participants. More details are provided 

n the Appendix text 1s. 

ssessment of dietary intakes 

For the baseline survey, habitual diets were assessed using 

uantitative food frequency questionnaire (FFQ) (see the full text 

n the Appendix text 2s). For each food group, participants were 

equired to report the quantity (average grams per meal accord- 

ng to standard serving size moulds) and frequency (four frequency 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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ategories ranged from how many times per day to year) that they 

onsumed during the past 12 months. We also asked information 

bout alcohol, tea, Sugar Sweetened Beverages (SSBs), cooking oil 

nd salt in separate sections. In particular, daily alcohol consump- 

ion was calculated as grams of pure alcohol according to alcohol 

ype, amount drunk and frequency. 34 From the above FFQ, we esti- 

ated the total daily energy intake according to the China food ex- 

hange lists and the 2018 China food composition tables (see more 

etails in the Appendix text 3s). 35 , 36 

We conducted the repeated FFQ and 24-hour dietary recall (24 

DRs) to assess the reproducibility and validity of the baseline 

FQ. Regarding reproducibility, intraclass correlation coefficients 

ICC) for food groups ranged from 0.15 for fresh vegetables to 0.67 

or alcohol. Regarding validity, de-attenuated Spearman rank cor- 

elation coefficients for food groups ranged from 0.10 for soybean 

roducts to 0.66 for rice. More details are provided in the Ap- 

endix text 4s. 

ssessment of dietary patterns 

To better capture the dietary features of our study population, 

e scored all participants according to their adherence to specific 

ietary patterns, including the two of the most studied a priori 

ietary patterns (i.e., DASH- and MED-style diets) relating to car- 

iometabolic diseases, as well as three a posteriori dietary patterns 

erived from CMEC data. 

To represent adherence to a DASH-style diet, we used a modi- 

ed DASH score with nonfat and low-fat dairy replaced by full-fat 

airy products, 37 given that the consumption of nonfat and low- 

at dairy was extremely low in our study population. Compared 

o the original DASH diet, 17 the modified DASH diet was shown 

y a randomized controlled trial to be more effective at reducing 

ardiometabolic risks. 37 In addition, we excluded the food group 

omponent of Sugar Sweetened Beverages (SSBs) because regular 

onsumption of SSBs in our study population was only 7.2%. To 

epresent adherence to a MED-style diet, we used an alternative 

editerranean diet (aMED) score, which is an adapted version of 

he traditional MED for the non-Greek population. 38-40 We also 

liminated the food group component of nuts due to the lack of 

 separate food group for nut consumption. For each of food group 

omponents of DASH or aMED, we categorized the food group con- 

umption into quintiles and scored all participants from 1 to 5 ac- 

ording to their intake ranking, 41 and then obtained the total score 

y summing up the component scores. More details are provided 

n the Appendix text 5s. 

To determine the major a posteriori dietary patterns, we used 

rincipal component factor analysis (PCFA) with varimax rotation 

ased on the same food group data transformed to z scores. 23 , 42 

hree major dietary patterns were identified via comprehensive 

onsiderations of eigenvalues, variance explained, scree plot and 

nterpretability (see more details in the Appendix text 6s). For each 

ietary pattern, factor scores were calculated for all participants by 

umming up the standardized intakes of food groups weighted by 

heir factor loadings. The robustness of the characteristics of three 

dentified dietary patterns were assessed by a split-sample valida- 

ion (see more details in the Appendix text 7s). 

ssessment of outcomes 

The outcomes in this study were newly diagnosed car- 

iometabolic risks, including hypertension, diabetes, dyslipidaemia 

nd metabolic syndrome (MetS). We identified all cardiometabolic 

isks based on objective indicators from medical examinations or 

lood tests at the baseline survey. More detailed information about 

ssessment of cardiometabolic outcomes is provided in the Ap- 

endix text 8s. 
3 
ssessment of covariates 

We obtained covariate information from the baseline question- 

aire. To guide the selection of potential confounders, we con- 

tructed directed acyclic graphs (DAGs) under the protocol of “Ev- 

dence Synthesis for Constructing Directed Acyclic Graphs” (ESC- 

AGs), which combined evidence synthesis strategies and causal 

nference principles. 43 We further performed independent tests to 

ontinuously modify the proposed DAGs until the implied condi- 

ional independences were satisfied. See more details in the Ap- 

endix text 9s and e-table. On the basis of these causal diagrams 

nd backdoor criteria, 44 we adjusted the final models for sex, age, 

rbanicity, ethnicity, marital status, highest education attained, an- 

ual household income, occupation, regular smoking, physical ac- 

ivity in hours of metabolic equivalent tasks per day (METs-h/day), 

otal energy intake (kcal per day), regular intake of sweeten bever- 

ge, regular intake of dietary supplements, regular intake of spicy 

ood, regular intake of pepper food, insomnia symptoms, depres- 

ive symptom, anxiety symptom, menopause status for women, 

nd family history of cardiometabolic diseases. 

tatistical analysis 

To assess ethnic and regional variations in dietary patterns, we 

ompared the median (25 th , 75 th percentiles) of five dietary pat- 

ern scores across ethnic regions. We categorized all dietary pat- 

ern scores into quintiles for the entire study population. Baseline 

haracteristics are described as the median (25 th , 75 th percentiles) 

or continuous variables and percentage for categorical variables 

ccording to quintiles of dietary pattern scores. 

We employed marginal structural models which combined lo- 

istic regression with the inverse probability of exposure weight- 

ng (IPEW) to estimate associations between the five dietary pat- 

ern scores (quintiles of dietary pattern scores were modelled as 

ategorical variable with five levels) and four cardiometabolic risks 

eparately, 45 , 46 with the lowest fifth of the dietary pattern score 

s the reference group. To determine the preferable weighting 

ethod, we adopted six weighting methods in our primary anal- 

sis, 47 with the quintiles of dietary pattern scores as the depen- 

ent variable and confounders decided by the ESC-DAGs as the 

ndependent variables, and then assessed their balances of con- 

ounders among different exposure groups. 48 In our final model, 

e used the entropy balancing weighting method due to the opti- 

al balance of confounders. 49 See the detailed results in the Ap- 

endix text 10s. To evaluate the linear trend across quintiles, we 

ssigned a median value to each quintile of dietary scores and 

hen modelled the median score as a continuous variable. To fa- 

ilitate interpretations of the effects of overall dietary patterns, 

e carried out single-component and single group analyses. For 

ASH and aMED, we evaluated the association of each of the di- 

tary components with cardiometabolic risks by eliminating one 

omponent at a time from the overall score separately. 50 , 51 We 

lso assessed the association of each of the single food groups 

n our FFQ with cardiometabolic risks. To examine the mediation 

ffects of overweight (BMI < 24 OR ≥24 kg/m 

2 ), regression-based 

ediation analyses were used to decompose the total effects of 

ietary patterns on cardiometabolic risks into natural direct and 

ndirect effects through overweight and to calculate the propor- 

ion of mediation accordingly. 52 , 53 Due to the built-in quality con- 

rol in the tablet-based questionnaire and stringent data audit, the 

issing proportion in this study was very low ( < 5% except for 

il and salt consumption). Most missing values were generated 

rom unverifiable outliers after audio review. For missing values of 

ood groups, we performed multiple imputation (with 5 imputa- 

ions) by the chained equations method. 54 To simultaneously ac- 

ount for the uncertainty of estimations of both weighting and 
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xposure-outcome associations, a bootstrap-based method with 

0 0 0 replicates was used to obtain 95% confidence intervals 

CIs). 55 , 56 

To examine potential effect modifiers, we conducted stratifi- 

ation analysis among predefined subgroups, including sex, age, 

egular smoking, physical activity, urbanicity and ethnic regions. 

eterogeneity among different strata was assessed using the chi 

quare ( χ2 ) test. To assess the robustness of our findings, we also 

erformed several sensitivity analyses. First, we used a more strin- 

ent exclusion criterions by excluding self-reported physicians di- 

gnosed hepatic and gastrointestinal diseases. Second, we used all 

dentified cardiometabolic risks (self-reported plus newly identi- 

ed) as outcomes to examine the magnitude of potential reverse 

ausality. Third, we adopted the conventional covariate adjustment 

pproach to estimate the associations. Fourth, we alternatively ad- 

usted for BMI as a confounder rather than a mediator. Fifth, we 

an a minimally adjusted analysis, without justification for spicy 

ood, pepper food, insomnia, depression, and anxiety. Sixth, we al- 

ernatively calculated the DASH score with the inclusion of SSBs. 

ast, we ran a complete case analysis instead of the multiple im- 

utation approach. 

All analyses were performed with R Project for Statistical Com- 

uting version 4.0.2 (Vienna, Austria). 57 The maps displayed in the 

esults were produced by ArcGIS Desktop version 10.2.1 (authoriza- 

ion number: EFL734321752). 

ole of the funding source 

The funder of the study had no role in study design, data col- 

ection, data analysis, data interpretation, or writing of the report. 

X, JY, and XZ had access to all data and had final responsibility 

or the decision to submit for publication. 

esults 

Characteristics of dietary patterns 

Figure 1 shows the geographic and ethnic variations of var- 

ous dietary pattern scores. Regarding Western-like diet-based a 

riori dietary patterns, no substantial difference in median scores 

as found across different regions and ethnic groups, with DASH 

cores ranging from 17 (Dong in Guizhou) to 22 (Han in Basin) 

nd aMED scores ranging from 21 (Tibetans in Aba) to 26 (Han in 

asin) ( figure 1 B). In contrast, a posteriori dietary patterns showed 

 better ability to discriminate different ethnic groups, with vari- 

us ethnic groups clustered into three geography-related a poste- 

iori dietary patterns. The first one predominated by the Han ma- 

ority population in the more developed Sichuan Basin (with two 

ega-cities located in this region) was characterized by relatively 

igh intakes of fish/sea food, poultry, eggs, dairy products, fresh 

ruits, fresh vegetables and vegetable oil, implying a modern and 

alanced dietary pattern: the Sichuan Basin dietary pattern. The 

econd one predominated by various ethnic minority populations 

n the less developed Yunnan-Guizhou Plateau was characterized 

y relatively high intakes of animal oil, rice, salt, preserved veg- 

tables, alcohol and soybean products and low intakes of dairy 

roducts and coarse grain, which suggested a poor and agricultural 

ietary pattern: the Yunnan-Guizhou Plateau dietary pattern. The 

hird one predominated by the Tibetan population in the less de- 

eloped Qinghai-Tibet Plateau was characterized by relatively high 

ntakes of coarse grain, wheat products, tubers and tea, indicating 

 featured high-altitude Tibetan dietary pattern: the Qinghai-Tibet 

lateau dietary pattern ( figure 1 A and 1 C). More detailed informa- 

ion in table format on the comparisons of dietary scores across 

thnic regions is provided in the Appendix text 11s. 

Baseline characteristics according to the lowest and highest 

uintiles of the various dietary scores are reported in Table 1 . 
4 
mong the 68834 participants included in this study, the me- 

ian age was 49.5 (42, 56) years, 62% of the participants were 

omen, 35% of the participants were urban residents, and 53% 

f the participants were ethnic minority populations. Participants 

ith higher adherence to DASH, aMED and Sichuan Basin dietary 

atterns shared similar characteristics. They tended to have higher 

ducation and SES levels as well as healthier lifestyles, and they 

ere less likely to report mental disorders but more likely to re- 

ort a family history of cardiometabolic diseases. In contrast, par- 

icipants with higher adherence to the Yunnan-Guizhou Plateau 

r Qinghai-Tibet Plateau dietary patterns generally tended to have 

ower education and SES levels as well as unhealthier lifestyles. 

Associations of dietary patterns with cardiometabolic risks 

In the baseline survey of the CMEC study, we newly identified 

ases of 12803 hypertension, 3527 of diabetes, 16342 of hyperlipi- 

aemia and 8198 of MetS. Figure 2 displays the estimated associa- 

ions between dietary patterns and cardiometabolic risks after ad- 

usting for potential confounders. Overall, dietary patterns showed 

onsiderable associations with risks of hypertension and MetS but 

nly borderline associations with risks of diabetes and hyperlip- 

daemia. Comparing the highest with lowest quintiles, the DASH 

core showed the strongest inverse associations with risks of hy- 

ertension (OR = 0.74, 95% CI:0.69-0.80) and MetS (OR = 0.79, 95% 

I:0.73-0.87), whereas the score of a posteriori Yunnan-Guizhou 

lateau dietary pattern showed the strongest positive associations 

ith risks of hypertension (OR = 1.44, 95% CI:1.27-1.63) and MetS 

OR = 1.35, 95% CI:1.15-1.57), with all P values for trend < 0.001. 

or other dietary patterns, the Sichuan Basin showed similar but 

eaker associations with various cardiometabolic risks as DASH; 

 similar situation was also found between the Qinghai-Tibet and 

unnan-Guizhou Plateau dietary patterns. See the data presented 

n Figure 2 in table format in the Appendix text 12s. 

Although DASH and aMED shared some common food 

roup components, aMED had notably different impacts on car- 

iometabolic risks. By comparing the highest with the lowest 

uintiles, aMED was associated with a 14% lower risk of hy- 

ertension (OR = 0.86, 95% CI:0.80-0.93) but a 14% higher risk of 

etS (OR = 1.14, 95% CI:1.05-1.25) ( figure 2 ). The discrepant re- 

ults between DASH and aMED can be well confirmed by single- 

omponent analyses (Appendix text 13s: tables 19-22s). Among the 

iscrepant food group components, the dairy product components 

ncluded in DASH (but not in aMED) contributed a majority of 

he beneficial effects of DASH on hypertension (41.9%) and MetS 

100.5%). In contrast, the monounsaturated fatty acids: saturated 

atty acids (MUFA: SFA) ratio included in aMED (but not in DASH) 

ad harmful effects, contributing a major proportion to the positive 

ssociations of aMED with hypertension (62.7%) and MetS (83.1%). 

ingle food group analyses also showed similar results, especially 

or the strongest inverse association between dairy products and 

ardiometabolic risks (Appendix text 13s: tables 23s). 

For simplicity, only associations of DASH and Yunnan-Guizhou 

lateau dietary patterns with hypertension and MetS are reported 

n the following results. In stratification analysis, the inverse as- 

ociations of DASH and the positive associations of the Yunnan- 

uizhou plateau dietary pattern with hypertension and MetS were 

onsistent across various subgroups, with the only exceptions be- 

ng ethnic region and urbanicity ( figure 3 ). Both dietary patterns 

howed stronger associations with hypertension among the Han 

ajority in Sichuan Basin compared to the ethnic minorities in 

ther regions. For MetS, dietary patterns were prone to exhibit 

 risker association among the ethnic minorities on the Qinghai- 

ibet Plateau compared to others, probably due to the extraordi- 

arily high prevalence of central obesity in the Tibetan popula- 

ion. 30 , 58 The stratified results of urbanicity highly agreed with 

hose of ethnic regions because nearly all of the ethnic minor- 

ty populations lived in rural areas. By decomposing the total 
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Figure 1. Geographic and ethnic variations of various dietary patterns among various ethnic groups. (A) Geographic locations and terrains of study sites. The adminis- 

trative boundary data with scale of 1:4 million was obtained from national fundamental geoinformation database. The digital elevation data with 30 meters resolution used 

in terrain map was obtained from the advanced spaceborne thermal emission and reflection radiometer global digital elevation Model. (B) Comparisons of a priori dietary 

pattern scores (includes DASH and aMED) among various ethnic groups. (C) Characteristics of three a posteriori dietary patterns and related comparisons among various 

ethnic groups. Boxplot based on median (25th, 75th percentiles) was used to visually compare the distribution of dietary scores across ethnic regions. 
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Table 1 

Baseline characteristics in the CMEC Study, according to quintiles of various dietary pattern scores. a 

Characteristic 

No. of 

participants 
b 

Overall 

DASH aMED Sichuan Basin Yunnan-Guizhou Plateau Qinghai-Tibet Plateau 

Q1 Q5 Q1 Q5 Q1 Q5 Q1 Q5 Q1 Q5 

Dietary score 68834 - 15 

(13, 16) 

26 

(24, 27) 

19 

(17, 20) 

30 

(28, 31) 

-1.1 

(-1.3, -0.9) 

1.4 

(1.1, 1.9) 

-1.2 

(-1.4, -1.0) 

1.3 

(1.0, 1.8) 

-1.0 

(-1.1, -0.9) 

1.2 

(0.8, 1.8) 

Age (yr) 68834 49 

(42, 56) 

50 

(44, 59) 

47 

(39, 55) 

50 

(43, 60) 

48 

(41, 55) 

51 

(44, 59) 

47 

(39, 54) 

46 

(38, 55) 

51 

(45, 58) 

49 

(42, 56) 

49 

(42, 57) 

Female sex (%) 68834 62 54 70 53 69 66 57 75 47 75 50 

Urban residence (%) 68834 35 26 49 22 49 13 60 52 21 31 29 

Ethnic group (%) c 

Sichuan Basin 32116 47 36 62 29 64 15 79 62 31 42 35 

Yunnan-Guizhou Plateau 29924 43 57 30 51 34 63 18 11 68 56 32 

Qinghai-Tibet Plateau 6794 10 7 8 19 2 23 3 27 2 1 34 

Marital status (%) 68833 90 88 91 89 91 88 90 88 90 88 91 

Highest education (%) 

No formal school 17140 25 37 14 41 13 45 9 23 27 30 32 

Primary school 17101 25 28 19 28 22 31 17 16 35 24 28 

Middle and high school 26340 38 29 47 25 49 21 53 39 35 35 32 

College or university 8252 12 6 20 6 16 3 21 22 4 11 9 

Annual household income (%) 

< ¥12000 11095 16 27 9 26 9 28 8 10 22 21 15 

¥12000-19999 12475 18 21 15 23 14 24 11 16 21 19 21 

¥20000-59999 25420 37 35 36 34 38 36 35 35 40 35 39 

¥60000-99999 10148 15 10 19 9 19 8 21 19 10 13 13 

¥100000-199999 7677 11 6 16 6 15 4 19 16 6 10 9 

> ¥200000 1932 3 1 5 1 4 1 6 5 1 2 3 

Occupation (%) d 

Primary industry 24065 35 46 23 50 24 54 15 18 56 39 38 

Secondary industry 5464 8 9 7 7 8 5 10 6 9 8 6 

Tertiary industry 26388 38 30 46 28 45 29 48 51 24 38 35 

Unemployed 12860 19 15 24 15 23 11 27 25 12 15 21 

( continued on next page ) 
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Table 1 ( continued ) 

Characteristic No. of 

participants 
b 

Overall DASH aMED Sichuan Basin Yunnan-Guizhou Plateau Qinghai-Tibet Plateau 

Q1 Q5 Q1 Q5 Q1 Q5 Q1 Q5 Q1 Q5 

Physical activity 

(METs-h/day) e 

68556 23.7 

(13.4, 38.7) 

26.7 

(13.9, 42.0) 

21.0 

(13.0, 34.6) 

25.8 

(12.6, 41.7) 

22.2 

(13.5, 36.1) 

27.2 

(13.0, 43.0) 

20.6 

(13.0, 33.6) 

17.8 

(10.3, 29.2) 

33.0 

(18.2, 47.2) 

25.5 

(14.0, 39.9) 

22.2 

(12.1, 38.3) 

BMI (kg/m 

2 ) 68834 23.6 

(21.4, 25.9) 

23.8 

(21.5, 26.2) 

23.4 

(21.4, 25.5) 

23.7 

(21.4, 26.2) 

23.6 

(21.5, 25.8) 

23.5 

(21.2, 25.9) 

23.7 

(21.7, 25.9) 

23.7 

(21.6, 25.9) 

23.3 

(21.1, 25.6) 

23.4 

(21.3, 25.6) 

24.1 

(21.8, 26.3) 

Total energy intake (kcal/day) 68834 1751.8 

(1382.3, 

2205.6) 

1665.8 

(1292.7, 

2140.2) 

1796.9 

(1463.5, 

2228.3) 

1691.1 

(1282.5, 

2183.4) 

1857.5 

(1516.7, 

2273.5) 

1407.7 

(1084.1, 

1802.1) 

2123.5 

(1739.8, 

2597.1) 

1569.2 

(1244.6, 

1945.7) 

2235.7 

(1840.7, 

2683.0) 

1427.5 

(1139.0, 

1805.6) 

2225.1 

(1809.9, 

2703.6) 

Regular smoking (%) 

Never 52482 76 70 82 72 79 80 72 87 62 85 68 

Previous 2789 4 4 4 4 4 3 5 3 5 2 6 

Current 13563 20 26 14 23 17 17 22 10 33 12 26 

Dietary supplement (%) 68832 15 9 23 8 21 10 21 19 13 14 13 

Regular sweeten beverage intake (%) 

Never 63506 92 94 94 87 96 89 94 87 95 96 82 

Previous 264 0 0 0 0 0 0 1 0 0 0 0 

Current 5064 7 6 6 12 4 10 6 13 5 3 17 

Regular spicy food intake (%) 68834 79 78 81 71 85 71 85 70 84 79 73 

Regular pepper food intake 

(%) 

68834 68 57 75 54 78 53 79 64 73 58 68 

Insomnia symptom (%) 68772 42 47 38 45 40 45 40 40 42 46 40 

Depressive symptom (%) 68774 4 7 3 6 3 6 3 3 5 7 3 

Anxiety symptom (%) 68772 5 9 3 7 4 8 3 3 7 8 3 

Menopausal status in women (%) f 

Premenopause 22439 52 44 58 45 56 43 61 60 47 51 53 

Perimenopause 3078 7 7 7 7 8 7 7 7 7 7 7 

Postmenopause 17351 40 50 35 48 36 50 32 34 46 42 40 

Family history (%) g 68834 32 25 39 21 39 21 40 36 27 29 29 

Abbreviations: Q1 and Q5: the lowest and highest quintiles of dietary pattern scores; METs-h/day: hours of metabolic equivalent tasks per day; BMI: body mass index; 

a. Data are presented as median (25 th , 75 th percentiles) for continuous variables and percentages (%) for categorical variables. We only display the results of Q1 and Q5 of dietary pattern scores for simplicity, with the 

corresponding median (25 th , 75 th percentiles) displayed in the following bracket. 

b. Missing values are observed for marital status, highest education, annual household income, occupation, physical activity, dietary supplement, insomnia symptom, depressive symptom and anxiety symptom. The number of 

missing values per variable equal to the total number of participants (68834) minus the number presented in this column. 

c. We aggregate various ethnic groups into three geographic regions due to their high similarity in dietary pattern and baseline characteristics. 

d. Primary industry refers to occupations that involves getting raw materials, such as agriculture, forestry, fishing, and mining. Secondary industry refers to occupations that involves the transformation of the raw material into 

manufactured goods, such as factory worker. Tertiary industry refers to occupations that involves the giving away direct services to its consumers, such as administrator, teacher, sales, etc. 

e. Physical activity considers participants’ occupational, traffic, chores, and leisure time activities. We then calculated the hours of metabolic equivalent tasks per day (MET-h) for each participant. 

f. Data are only available for women. 

g. Family history refers to the self-reported hypertension, diabetes or cardiovascular disease from at least one first-degree relative (biological parents, sibling) in the baseline survey. 
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Figure 2. Estimated associations between various dietary patterns and cardiometabolic risks according to quintiles of dietary pattern scores, with the lowest quintile 

as reference group. Analyses were adjusted for sex, age, urbanicity, ethnicity, marital status, highest education attained, household income, profession, regular smoking, 

physical activity, total energy intake, regular intake of sweeten beverage, regular intake of dietary supplements, regular intake of spicy food, regular intake of pepper food, 

insomnia symptoms, depressive symptom, anxiety symptom, menopause status for women, and family history of cardiometabolic diseases using the inverse probability of 

exposure weighting. N in the brackets represent the number of newly diagnosed cardiometabolic risks. Q2-Q5 represent the second to fifth quintiles of dietary pattern scores. 

The filled blue dots represent adjusted odds ratios and the vertical blue lines represent 95% confidence intervals. 
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ssociations into natural direct and indirect effects, these propor- 

ions mediated (PM) by overweight differed substantially between 

ypertension and MetS but remained relatively stable for hyper- 

ension or MetS, regardless of the type of dietary patterns ( table 2 ).

or associations with hypertension, the PM were 10% for DASH and 

0% for the Yunnan-Guizhou plateau dietary pattern. Regarding as- 

ociations with MetS, these PM increased to 35% for DASH and 33% 

or the Yunnan-Guizhou plateau dietary pattern. 

Our conclusions were robust with regard to all types of sensi- 

ivity analyses (Appendix text 14s). As expected, the inverse asso- 

iations of DASH and positive associations of the Yunnan-Guizhou 

lateau dietary pattern with cardiometabolic risks (hypertension 

nd MetS) were slightly attenuated but remained statistically sig- 

ificant when we further included self-reported cardiometabolic 
8 
utcomes or adjusted for BMI as a confounder, which could be at- 

ributable to the potential inverse causality and mediation effects 

f BMI, respectively. 

iscussion 

ummary of main results 

In this CMEC study covering diverse less-developed ethnic re- 

ions, greater adherence to DASH but not aMED was consistently 

ssociated with lower cardiometabolic risks, especially for hyper- 

ension and MetS. In contrast, two localized a posteriori dietary 

atterns in LEMRs were associated with increased cardiometabolic 

isks. Those associations were consistent in various subgroups de- 
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Figure 3. Stratified analysis of estimated associations between various dietary patterns and cardiometabolic risks according to predefined characteristics, by compar- 

ing the highest with the lowest quintiles. Analyses were adjusted for sex, age, urbanicity, ethnicity, marital status, highest education attained, household income, profession, 

regular smoking, physical activity, total energy intake, regular intake of sweeten beverage, regular intake of dietary supplements, regular intake of spicy food, regular intake 

of pepper food, insomnia symptoms, depressive symptom, anxiety symptom, menopause status for women, and family history of cardiometabolic diseases using the inverse 

probability of exposure weighting, with exclusion of the stratified variable as appropriate. Chi-square tests ( χ 2 ) were performed to examine heterogeneity among different 

subgroups. The filled blue dots represent adjusted odds ratios and the vertical blue lines represent 95% confidence intervals. 
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ned by sex, age, smoking and physical activity, but with the mag- 

itudes that differed substantially across different ethnic regions 

nd urbanicity. If those associations were mainly causal, DASH-like 

iets would be a superior dietary recommendation to reduce car- 

iometabolic risks in settings similar to the LEMRs in CMEC. 

ubstantial SES and ethnic disparities 

In recent decades, diet quality has experienced global trends 

imilar to those of cardiometabolic disease mortality. 59 Accord- 

ngly, suboptimal diets have now become one of the major driving 
9 
actors for the rise of cardiometabolic diseases in LMICs. 6 Although 

he Chinese government has done remarkable achievements in im- 

roving the living standards in LEMRs, our findings still found 

he huge SES and ethnic disparity in diet quality and related car- 

iometabolic risks. Compared to the Han majority in the more de- 

eloped Sichuan Basin, ethnic minorities in less developed plateau 

reas generally adhered to much worse dietary patterns, which 

ontributed to a substantial increase in cardiometabolic risks. A re- 

ent systematic analysis of the global burden of disease reported 

hat high sodium intake and low whole-grain and fruit intake were 

he leading three dietary risk factors for death and DALYs world- 
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Table 2 

Mediation analysis of the associations between dietary patterns and cardiometabolic risks mediated by overweight, by comparing the highest with the lowest quintiles. a 

Dietary patterns Cardiometabolic 

risks 

No. of 

overweight 

No. of 

cardiometabolic risks 

OR NIE OR NDE OR TE b PM (%) c 

DASH Hypertension 31130 12803 0.97 (0.96, 0.98) 0.73 (0.68, 0.8) 0.71 (0.65, 0.77) 10 

Yunnan-Guizhou Plateau Hypertension 31130 12803 1.04 (1.02, 1.06) 1.44 (1.26, 1.64) 1.50 (1.31, 1.70) 10 

DASH MetS 31130 8198 0.92 (0.90, 0.95) 0.86 (0.79, 0.94) 0.80 (0.72, 0.88) 35 

Yunnan-Guizhou Plateau MetS 31130 8198 1.10 (1.05, 1.16) 1.22 (1.05, 1.42) 1.35 (1.15, 1.59) 33 

Abbreviations: OR NIE : odds ratio for the natural indirect effects; OR NDE : odds ratio for the natural direct effects; OR TE : odds ratio for the total effects; PM: proportion of 

mediation. 

a. Analyses were adjusted for sex, age, urbanicity, ethnicity, marital status, highest education attained, household income, profession, regular smoking, physical activity, total 

energy intake, regular intake of sweeten beverage, regular intake of dietary supplements, regular intake of spicy food, regular intake of pepper food, insomnia symptoms, 

depressive symptom, anxiety symptom, menopause status for women, and family history of cardiometabolic diseases using the inverse probability of exposure weighting. 

b. The estimated total effects of mediation analysis in this table were slightly different from that estimated in figure 2 because the calculation of natural direct effects needs 

to be conditional on the level of the covariates. In this analysis, continuous covariates were fixed at their median and categorical covariates were set at levels observed most 

frequently in the study population. 

c. Proportion of mediation = natural indirect effect/(natural direct effect + natural indirect effect) × 100. 
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ide. 60 In China, national nutrition surveys have shown that high 

onsumption of sodium and low consumption of fruits are asso- 

iated with the greatest number of cardiometabolic deaths. 61 Un- 

ortunately, we can see the suboptimal intakes of sodium, whole- 

rain and fruit simultaneously in LEMRs compared to the more de- 

eloped region in our study (i.e. Sichuan basin). Given that China 

lready has the highest rates of diet-related cardiometabolic dis- 

ase deaths worldwide, 60 there is an urgent need for dietary ac- 

ions to prevent the ongoing epidemics of cardiometabolic diseases 

n LEMRs. 

ypertension is the top priority 

It is well acknowledged that suboptimal diets are associated 

ith a myriad of cardiometabolic risks. 15 , 16 However, in this study, 

ypertension manifested a substantially stronger association with 

ietary patterns than the other three included cardiometabolic 

isks, suggesting that hypertension is the predominant diet-related 

ardiometabolic risk in LEMRs. Although MetS (a combined indi- 

ator of multiple cardiometabolic risks) was also considerably as- 

ociated with dietary patterns, the majority of its association can 

e attributable to hypertension as well, given that only weak as- 

ociations were observed between dietary patterns and other car- 

iometabolic risks, such as diabetes and dyslipidaemia. These re- 

ults were not surprising because hypertension in China have been 

 major concern for a long time. 62 Our study indicates that hy- 

ertension control should be the top priority target among various 

iet-related cardiometabolic risks in LEMRs. 

eight loss may be not an ideal control target 

In the development of cardiometabolic diseases, it is well recog- 

ized that obesity plays a crucial role and is highly associated with 

ultiple cardiometabolic risks. 63 , 64 Taking hypertension as an ex- 

mple, previous population studies suggest that overweight can di- 

ectly account for 65% to 75% of primary hypertension. 65 A growing 

umber of studies also indicate that overweight may be an impor- 

ant mediator of the association between diet and cardiometabolic 

isks. 31-33 In this CMEC study with a relatively lean population, we 

ound that overweight only mediated 10% of the associations be- 

ween dietary patterns and hypertension but that the overwhelm- 

ng majority of the risk of hypertension was attributable to the 

irect effects of dietary patterns. Due to the high correlation be- 

ween central obesity (prerequisite for MetS) and overweight, the 

roportions of mediations were expected to be relatively high for 

etS, but the major part of the risk of MetS (approximately 65%) 

as still attributable to the direct effects of dietary patterns. Given 

hat the total energy content of a diet is the main determinant of 

n overweight status, our results imply that the principal risk of 
10 
iet on cardiometabolic health in the CEMC study may derive from 

ietary components directly rather than energy imbalance. There- 

ore, weight loss or solely energy limit may not be an ideal control 

arget for diet-related cardiometabolic risks in LEMRs. 

ASH offers superior dietary guidance compared to aMED 

DASH and Mediterranean style diets are the most well-studied 

ealthy dietary patterns for reducing cardiometabolic risks. 15 In 

ur study, DASH was consistently and inversely associated with 

arious cardiometabolic risks, in line with multiple previous sys- 

ematic reviews. 66-70 It is also worth noting that dairy prod- 

cts contribute a predominate proportion to the beneficial ef- 

ects of DASH. To date, evidence from both systematic reviews 

nd Mendelian randomization studies in HICs have only sug- 

ested weak inverse associations between dairy products and car- 

iometabolic risk, 15 , 71 , 72 but few of those studies were from LMICs, 

specially in those LMICs where dairy consumption is considerably 

ow, such as China, Southeast Asia and Africa. Our findings indi- 

ate that dairy products may produce strong protective effects on 

ardiometabolic risks in LEMRs with low levels of dairy consump- 

ion, which coincides with the findings from the Prospective Ur- 

an Rural Epidemiology (PURE) study and another cohort study 

n China. 73 , 74 According to previous systematic reviews, the ben- 

ficial effects of Mediterranean-style diets compared to DASH on 

ardiometabolic risks were controversial, 75-78 especially for non- 

editerranean populations and racial/ethnic minority groups. 79 In 

ur study, we only observed weak inverse associations of aMED 

ith hypertension and diabetes and even a positive association be- 

ween aMED and MetS. As the major features of Mediterranean- 

tyle diets, the component of MUFA: SFA ratio did not show the ex- 

ected beneficial effects on cardiometabolic risks based on single- 

omponent analyses. As another ethnic minority study suggested, 

he MUFA: SFA ratio may represent types of oils other than the in- 

ended healthy olive oil in non-Mediterranean populations. 80 Sim- 

larly, we found that the MUFA: SFA ratio can only reflect a high 

onsumption of vegetable oils (Appendix table 6s) due to a serious 

ack of high-quality sources of MUFA (such as olive oil or marine 

sh) in LEMRs. Besides, the stir-frying cooking manner with high 

emperature in LEMRs could be another reason why we did not ob- 

erve the beneficial effects of the MUFA: SFA ratio in this study. In 

ummary, our results indicate that DASH provides superior dietary 

uidance compared to aMED regarding reducing cardiometabolic 

isks in LEMRs. 

emaining issues related to translating dietary guidance into 

ractices 

Owing to the poor availability and affordability of car- 

iometabolic medicines in LMICs, 81 dietary intervention is still 
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n effective and feasible way to prevent ongoing cardiometabolic 

pidemics. 82 , 83 However, adherence to healthy dietary guidance 

eavily relies on access to high-quality food. 84 For the highly 

eography-related dietary patterns in our study, the food choices 

n LEMRs were confined by the relatively infertile and inconvenient 

lateau environment. The crux of translating healthy dietary guid- 

nce into practices is still the availability and affordability of high- 

uality food. This may explain why stronger inverse associations 

f DASH with cardiometabolic risks were found among the Han 

ajority in more developed regions than ethnic minorities in less 

eveloped regions. Deep-rooted culinary culture is another chal- 

enge to reduce the diet-related cardiometabolic risks in LEMRs. 

lthough a global shift in dietary patterns has been seen world- 

ide, 59 most ethnic minorities still live distinct lifestyles with 

nique culinary cultures that can hardly be altered. Thus, healthy 

ietary guidance is far from sufficient, and multi-sectional cooper- 

tion in refining food quality and acceptable dietary guidance that 

re suitable for local culture are remaining challenges for improv- 

ng diet-related cardiometabolic health in LEMRs. 

trengths and limitations 

To our knowledge, this is the first large-scale epidemiological 

tudy to comprehensively examine associations between dietary 

atterns and cardiometabolic risks in LEMRs. Our study provides a 

nique opportunity to understand the diet quality and related car- 

iometabolic risks in LEMRs, which has rarely been performed. We 

sed standardized and validated methods to measure diet and ob- 

ective indicators to record cardiometabolic outcomes. In addition, 

e performed analyses under the framework of causal inference, 

ncluding the application of ESC-DAGs and marginal structure mod- 

ls, which provides transparent and evidence-based approaches to 

uide the selection of potential confounders and estimation meth- 

ds. Nonetheless, limitations are worth noting. First, for the sake of 

easibility, the FFQ used in our study only includes thirteen crude 

ood groups rather than specific food items. Although it should not 

ave a significant impact on the assessment of dietary patterns, 

rude food groups may undermine the accuracy of the calcula- 

ion of particular dietary components (i.e., the MUFA: SFA ratio 

n aMED) and total energy intake. Our assessment tool is imper- 

ect, but this simple tool might be the only feasible way to collect 

ietary information in LEMRs. For those participants from LEMRs, 

any of them are illiterate (they cannot read or fill the food ques- 

ionnaire by themselves), speak different local languages (inter- 

iews need help from the local translator) and consume distinct 

oods (many foods are not included in any existing food database). 

iven the huge number of participants recruited and comprehen- 

ive other information collected, a food group-based and simplified 

ood questionnaire may be the only option that can ensure the 

fficiency of communication, the cooperation of participants, and 

he comparability among various regions. By analysing subsample 

ata for 24 HDRs, differences between the calculation of total en- 

rgy intakes based on crude food groups and that based on spe- 

ific food items were small and symmetrically distributed around 

ero (Appendix text 15s). Second, we modified the dietary pattern 

cores by omitting SSBs from the DASH score and nuts from the 

ED score, which may attenuate the associations between dietary 

cores and cardiometabolic risks. For omitting the consumption of 

uts, it may also lead to the underestimation of MUFA: SFA ra- 

io. Nevertheless, we believe that this defect should not have a 

arked impact on our conclusion given that the consumption of 

oth SSBs and healthy nuts in LEMRs was very low. Third, we used 

uestions on household use as a proxy for individual-level intake 

o estimation both sodium and oil intake. In China, people always 

onsumed mixed dishes and shared dishes with each other, and 

he standard recipes with amounts of condiments specified pre- 
11 
isely is also rarely used, which make it infeasible to recall and 

stimate salt and oil intake by questionnaire. Fourth, we did not 

erform measurement error correction, as the overwhelming ma- 

ority of current statistical approaches are only suitable for a single 

ood item or nutrient. 85 , 86 By conducting a preliminary simulation 

tudy, we found that the dietary patterns were robust to the mea- 

urement errors and that the impact of measurement errors on the 

iet-disease association was still the attenuation effect (Appendix 

ext 16s). Fifth, dietary pattern analysis can capture only a portion 

f the variation in food consumption 

87 and therefore may not fully 

epresent diet quality. Sixth, residual confounding is still possible, 

ven though we carefully adjusted for potential confounders un- 

er the framework of causal inference. Last, the intrinsic nature of 

he cross-sectional study design also limits the reliable inference of 

ausality, but we did exclude self-reported cases to eliminate po- 

ential reverse causality. 

onclusion 

In conclusion, using the recently collected CMEC data, we ob- 

erved substantial SES and ethnic disparities in diet quality and 

elated cardiometabolic risks in LEMRs. Among the four included 

ardiometabolic risks, hypertension showed the strongest associa- 

ion with dietary patterns and should be the top priority of con- 

rol target for ensuing dietary actions. Our study also suggests 

hat DASH offers superior dietary guidance to aMED for reduc- 

ng cardiometabolic risks in LEMRs. In particular, the dairy intake 

ncouraged by DASH may produce considerable beneficial effects 

or lowering cardiometabolic risks. Although the spectrum of car- 

iometabolic diseases and dietary patterns may vary among differ- 

nt LEMRs, our study reaffirms the important role of diet in the 

revention of cardiometabolic diseases and DASH may provide a 

olution of dietary guidance with availability and affordability in 

he setting of LEMRs. 
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esearch in context 

vidence before this study 

We searched for PubMed for relevant literature between Jan 1, 

980, and Feb 1, 2021, using the search terms “dietary pattern” or 

eating pattern” or “dietary index” or “dietary guidance” or “diet 

uality” or “dietary approaches to stop hypertension” or “Mediter- 

anean” and “cardiovascular” or “metabolic” or “cardiometabolic”

r “heart” or “atherosclerosis” or “stroke” or “hypertension” or “di- 

betes” or “hyperlipidaemia”. Few studies on the associations be- 

ween dietary patterns and cardiometabolic risks have been con- 

ucted in less-developed ethnic minority regions (LEMRs). 

dded value of this study 

To our knowledge, this is the first large-scale epidemiological 

tudy to comprehensively examine associations between dietary 

atterns and cardiometabolic risks in LEMRs. Our study provides 
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 unique opportunity to understand diet quality and related car- 

iometabolic risks in LEMRs, which has rarely been conducted pre- 

iously. 

mplications of all the available evidence 

Given the substantial socioeconomic status and ethnic dispari- 

ies in diet quality and related cardiometabolic risks shown in this 

tudy, there is an urgent need for dietary actions to prevent the 

ngoing epidemics of cardiometabolic diseases in LEMRs, especially 

ypertension. Our findings also suggest that Dietary Approaches to 

top Hypertension (DASH) offers superior dietary guidance com- 

ared to alternative Mediterranean (aMED)-style diets for reducing 

ardiometabolic risks in LEMRs. 
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